In last few years, several e-commerce organizations have adopted the strategy of providing two web sites that differ in quality, subscription fee and level of advertisements. Most of these organizations charge a subscription fee for better quality web site and provide free service at the low quality web site. For the free site, the revenue is solely dependent on the advertisements placed at that site. Whereas the revenue at the paid site is dependent on the subscription fee as well as the advertisements placed at that site.
Introduction
Last decade saw the emergence of online consumers as the major force in market. U.S. online buying population continues to grow, reaching 79.3 million in 2001 79.3 million in (eMarketer 2001 and expected to increase from 30% in 2004 to 50% in 2008 (Evans et al. 2004 ). E-commerce market reached approximately $56 billion in 2003, an increase of 26.5% from 2002 (Bureau 2004.) and is expected to reach $117 billion by 2008 (Evans et al. 2004 ).
Internet not only benefits the clients by reducing search costs (Bakos 1997) , but also helps the sellers.
Internet provides various options that are sometimes not possible and most of the times cost inefficient in traditional markets to sellers, such as transformation and updating. For instance, an online information seller can frequently modify its prices and level of advertisement (hereafter also called "ad"). than a traditional marketer. Moreover, providing several versions of an information website with different quality requires only the production of the highest quality one and then suppression of some of its features for the low quality ones (Riggins 2002-3) . In short, internet empowers the seller to better meet the needs of consumers, which in turn may improve the overall profit of the seller.
In order to generate revenue, information websites adopt various business models. The most popular web revenue models are subscription fee based models and ad based models. Like most non-electronic information media such as newspapers and magazines, the information websites such as news sites, stockreport sites, online games sites, and search engines generate revenue through ads. However, the revenue from online advertisement is fickle and depends on the health of the dotcom economy. Following dotcom attrition and poor economy the online ad revenues treaded a lean phase through 1999 to 2001 (Gluck et al. 2001 ). Hence, many websites have moved from pure ad revenue based model to the hybrid model.
Although the idea of paying for online information is still foreign to many customers, few well known e-commerce organizations have been quietly making it work since mid-90s. Consumer Reports magazine has been charging for its online content since November 1997. It has more than 1 million paid subscribers. An analyst at The Baroudi Group, C. Baroudi, said that the lessons learned from online companies are clear: "Asking consumers to pay for content will be mandatory for more web sites if they are going to remain viable. Everyone is going to have to do it because everyone has come to grips with the reality of business" (Weiss 2002) .
Consumers can play hundreds of free online games with limited options on miniclip.com but need to pay some fees to buy the complete version of the same game. Online version of Wall Street Journal offers archives index searching for free, but charges for getting the full text. NewsGator Online Services offer two business subscription plans with subscription fee of $34.95/month and $49.95/month. In addition, they provide many personal subscription plans at lower subscription fees.
Match.com allows visitors to search through thousands of profiles for potential partners. To e-mail someone, users pay $24.95 a month --or $99 a year for a membership that provides e-mail privileges and other benefits. This site was launched in April 1995 and began charging for memberships the following February after enough members joined. At the close of the company's third quarter in September, it had 653,182 paid memberships and $33 million in revenue. T. McDermott, Vice President of the company, said: "The hybrid model of placing ads and charging subscription fee is profitable" (Weiss 2002) .
Revenue model of websites mentioned above is further strengthened by a study from (Prasad et al. 2003) . They find that, except under few specific conditions, the optimal strategy is to charge a subscription price and have ads, but offer two options to consumers as follows: i) a subscription fee based website with full content and less ads, and ii) a free (or lower subscription fee) website with limited content and more ads. Hence, these two options differ in subscription fee, scope of content and level of ads. In view of the growth in both theoretical and practical interest in such revenue models, we consider the problem of optimizing the ad levels and subscription fee for such websites dynamically.
Few studies provide the snapshot analysis of revenue generation issues for ad-based websites. For example, (Riggins 2002-3) studies the problem of optimizing static ad level for ad-based site and static price for fee-based site (without any ads). These studies have quite limited application from the point of view of application as they do not consider the dynamic nature of change in revenue strategy over time. In practice, these strategies may change over time. Moreover, decisions at one time period may affect the decisions at subsequent time periods.
In the only dynamic study published on this issue, (Dewan et al. 2002-3) study the decision problem of balancing content and ads on the free website. To the authors' knowledge, there is no study that provides the dynamic analysis of revenue strategy for an online seller offering two websites with different quality levels. However, these online sellers are often faced with the problem of finding the optimal level of subscription fee, ad levels and quality content on both websites over time. Hence, we propose a dynamic model in this paper to study this problem.
As discussed earlier, we consider two websites where one is fee-based and the other is free. Both websites show ads to their subscribers. The level of subscription fee on paid site and ads on both sites depend upon the level of market growth, stickiness of the website, and consumers' dislike to ads and affinity to quality. We develop an optimal control model to find the optimal level of ads and subscription fee over time. Recently, optimal control model has been effectively applied to few other information systems related problems (Ji and Mookerjee 2002; Ji et al. 2004; Dewan et al. 2002-3) .
The rest of the paper is organized as follows. Section 2 provides the model description. Solution methodology is described in Section 3. Discussions of results and some managerial insights are presented in Section 4. Section 5 concludes the paper.
Model Description
Consider a monopolist firm who offers two websites labeled 1 and 2. Website 1 is offered for a subscription fee that varies over time and website 2 is offered for free. On the paid website, revenue is generated from subscription fee (p 1 ) and ads, whereas revenue on the free website is generated only from ads. Paid website offers better quality as well as fewer ads. Each website offers a give level of quality q i (i=1,2) where q 1 ≥q 2 . We denote ad levels of two sites as a i (i=1,2) where a 1 ≤a 2 . We assume that quality and ad levels of websites are measurable attribute with values normalized between [0, 1] . This is a standard way of quantifying quality (Mussa and Rosen 1978; Moorthy 1984; Moorthy and Png 1992) . For a i , a value of zero means that there is no ad on the page, whereas a value of 1 implies the there is maximum amount of ad that can be put on the page. This maximum amount of ad can be found from earlier studies (Dawande et al. 2003 ).
The monopolist chooses price level for paid website and ad levels for both. In this study, quality levels of both the sites are fixed (say, as an industry standard). Let x i (t) denote the number of subscribers for website i at time t. We first develop the equations for sources of income of the two websites. Revenue for website 1 can be represented as )
, where is the revenue from subscription fee and
is the revenue from ads at time t. Parameter i α represents the per impression revenue rate for ads on website i. Any ad pricing model can be easily simplified to the per impression revenue rate (Dewan et al. 2002-3) . Similarly, the revenue for website 2 can be represented
We allow for different revenue rates for ads on two websites, because firms usually charge higher rate for ads on paid site than that on the free site. Hence, the total revenue from both sites at
Now let us define the cost functions of the firm. Quadratic functions are the most widely used form of cost functions (Dewan et al. 2002-3) and hence we assume all the cost functions in this model to be quadratic. Cost of providing content depends on the quality of the content and may include several costs like developing, maintaining or updating the content. As discussed earlier, firms develop the higher quality website first and then suppress some of its features to make the low quality website. We assume that there is negligible cost incurred in suppressing some of the features of high quality website to convert it to low quality website. Hence, the cost incurred by the monopolist for offering quality q 1 and q 2 is represented by , 1 u δ 1 is a constant and u 1 is the change in price. Three types of costs (physical, managerial, and customer) are associated with the change in price (Levy et al. 2002) . Physical costs include the cost of physical changes due to change in price; managerial costs include the cost of managerial and strategic changes; and the customer costs include the cost incurred due to the loss of customer's goodwill.
The objective of this model is to maximize the revenue of firm over time period [0, T] . The objective function is:
From now on, we suppress the use of (t) from variables whenever there is no confusion. Let us now consider the impact of firm's decision on the potential subscribers. Let represent the rate of change in number of subscribers on website i. It is given as:
Here η i represents the market growth, i.e., the increase in subscription due to the growth of internet.
The attrition in subscription is represented by i i x ε , where i ε is the attrition rate for website i. Parameter χ (respectively, µ) denotes customers' responsiveness to own website's price change (respectively, ad level), while κ (respectively, ρ) denotes their responsiveness to other website's price change (respectively, ad level). Similarly, τ represents customers' responsiveness to own website's quality and φ represents their responsive to other website's quality. Combining (2) and (3) with the objective function, we get the following optimal control problem:
This is an optimal control problem with a 1 , a 2 and u 1 as control variables and x 1 , x 2 and p 1 as state variables. We do not impose the non-negativity constraint on p. 
Solution Methodology
In order to solve the proposed model, we first relax the non-negativity constraints on x 1 and x 2 . Later we show that these constraints are satisfied by choosing the realistic values of parameters. We observed that the online sellers do not change their levels of advertisement for large intervals of time. In conformance with our observations, we assume the levels of advertisement to be constant in the model for the planning horizon. However, we do solve for the optimal levels of advertisement for both the sites later.
The Hamiltonian function of the optimal control problem can be written as: 
Discussion of Results and Managerial Implications
In this section, we study the results of the proposed model. First, we provide the base values of all the parameters used in the computational experiment. These base values are very close to the real-world values. We first set T = 12 months. In other words, we optimize the decisions for next one year. If required, organizations can run the optimization problem within one year with updated parameter values.
Based on the data from many different web content providers, we set x 10 = 200000, x 20 = 300000, and p 10 = $25. Normalized quality levels are fixed at q 1 = 0.8 and q 2 = 0.3.
We consider the advertisements on the paid site to be more focused and hence more beneficial to advertiser. Hence we keep revenue rate of ads on paid site to be higher. α 1 =$8 , α 2 =$7. Since the cost of showing an ad remains unchanged irrespective of the site where it has been shown, we set γ 1 = γ 2 =$50000.
It means that the cost of showing the maximum possible ad on any site is $50000. This value is in proportion to other parameter values. Proportionally, the maximum possible cost of providing content is set as: β = $500,000. The cost of changing price is generally very small (Amiri and Menon 2004 ) and hence we keep δ 1 = 4000. We set ε 1 =ε 2 =0.01, which means that 1% of the total subscribers leave the system in every time period. Based on the normal growth rate, we keep η 1 =η 2 =800.
As we stated earlier, general observation suggests that websites do not change their ad levels for long periods of time. However to cope with the dynamic nature of market, they change the subscription fee often. We first study how the price is varied over time. Figure 1 represents the change in subscription fee over time. Subscription fee decreases initially to attract more customers on paid site. Once the customer base is large enough on paid site, the fee starts increasing and finally stabilizes. Figure 2 shows the change in overall profit and Figure 3 represents the change in number of subscribers over time. The initial sharp incline in number of paid subscribers is due to combination of reducing price and high quality. Number of paid subscribers as well as the overall profit increases even when the subscription fee increases, mainly because of the higher quality of paid site. However, the rate of increase in number of paid subscribers decreases substantially as the fee starts increasing, as shown in Figure 4 . Number of free subscribers in Figures 3 and 4 demonstrates the effect just opposite to that of the number of paid subscribers. Hence, these results can be explained similarly.
In the above results, the optimal levels of a 1 and a 2 are calculated using the procedure explained earlier. These optimal levels are a 1 =0.6 and a 2 =1.0. However, the levels of a 1 and a 2 are sometimes restricted by design limitation or economy slowdown. Hence we next study the relationship between optimal price and ad levels at time t=6. This relation is depicted in Figure 5 . When a 2 is fixed at 0.5, fee decreases with increase in a 1 in order to balance the loss of consumers due to higher ad level. When a 1 is held constant at 0.5, fee increases with increase in a 2 . It is explained by the fact that the increase in a 2 makes paid site more attractive to consumers and hence they can be charged more. . Sensitivity analysis of µ on ad levels Figure 6 represents the effect of µ on ad levels. If the consumers are highly sensitive to ads, then it is better to have low ad level on the paid site. However the optimal ad level of free site is always equal to the maximum possible. It suggests that in case of highly sensitive consumers, it is better to have the paid site with low ad levels so that the few over-sensitive consumers from free site can migrate to the paid site.
Though the model represents the real world very closely, one of the limitations is that it breaks down when x 1 or x 2 becomes less than 0. Earlier, we had relaxed the non-negativity constraints of these variables and hence the solution may take negative values for x 1 or x 2 . Now we find the limiting conditions for which the model always works and then show that these conditions hold for most of the realistic parameter values. These limiting conditions lead to following propositions.
Proposition 1: If 1 1η
η ≥ , then x 1 is never less than zero, where
Here, . In other words, if growth rate for paid site is greater than or equal to ) ( max Here, . In other words, if growth rate for free site is greater than or equal to ) ( min is guaranteed to be non-negative for this set of parameter values. Since the e-commerce market is increasing dramatically and expected to increase rapidly in future (Evans, Berk et al. 2004) , it is safe to assume that free website will attain such market growth rate. Even if it fails to achieve this bound, we should keep in mind that it is just a worst case bound and in reality, market growth rate needs to be much smaller in order to keep x 2 non-negative.
Concluding Remarks
This paper studies the problem of deciding dynamic pricing and advertisement level for online information sellers having two websites. These websites differ in quality and ad level. Moreover, the premium quality website is paid and the lower quality site is free. We develop the optimal control model to find the optimal dynamic pricing for paid site and advertisement levels for both sites. None of the previous research considers such model in dynamic sense, whereas this problem has been reported to be an important problem. Many web content provides follow such model and the results obtained would be very helpful for them in formulating policies over time. We provide many interesting managerial insights in the paper. It is shown that the decision of one website affect the decision of the other and these decisions change over time. Hence, this paper contributes significantly by considering both websites together and devising a dynamic policy. In this scenario, global optimal can only be obtained by such treatment of the problem. We are currently working on gaining more managerial insights and expect to present them at the conference.
